Preparation and characterization of natural hydroxyapatite from tilapia bones and scales for biomedical applications by Ahmad Fara, Ahmad Norman Khalis
 
 
PREPARATION AND CHARACTERIZATION OF NATURAL 
HYDROXYAPATITE FROM TILAPIA BONE AND SCALE FOR BIOMEDICAL 
APPLICATIONS 
AHMAD NORMAN KHALIS BIN AHMAD FARA 
A thesis submitted in 
fulfillment of the requirement for the award of the 
Doctor of Philosophy of Mechanical Engineering 
Faculty of Mechanical and Manufacturing Engineering 












DEDICATION Dedicated to my parents, my wife, my sibling, my supervisor, my co-
supervisor and friends, who gave me everlasting inspiration, never- ending 









My utmost gratitude to Allah SWT the Almighty for granting me the great opportunity 
to enrich my knowledge and to complete this research. May the peace and blessings 
be upon Prophet Muhammad SAW. Special thanks are extended to Assoc. Prof. Dr. 
Hasan Zuhudi Bin Abdullah, who had provided the most significant contribution by 
sharing all the advices, guidance, support, ideas and knowledge needed throughout my 
work and learning process. Again, I am most thankful to him for the continuous help 
that was extended by him beyond the expected professional level. 
 
I would also like to express my utmost appreciation to my co-supervisors, Assoc. Prof. 
Dr. Shahruddin Bin Mahzan @ Mohd Zin and Dr. Koh Ching Theng for their many 
helpful advice and effective encouragement throughout this research. I wish to offer 
many thanks to the Faculty of Mechanical and Manufacturing Engineering Laboratory 
Assistants and Science Officers for allowing me to use the faculty laboratory and for 
their invaluable assistance. Credit also goes to the Dean and the staff of the Faculty of 
Mechanical and Manufacturing Engineering and to the Centre for Graduate Studies 
(CGS) for their support. I am also highly indebted to Universiti Tun Hussein Onn and 
MyBrain 15 (MyPhd) under the Ministry of Higher Education Malaysia for the 
awarded scholarship which had provided the vital financial support for this work. 
 
I would also like to thank my dearest parents, my wife, my brother and sister for their 
prayers, encouragement, love and support to pursue the dream, not forgetting my 
friends, for their constant support, discussion and encouragement. Finally, my utmost 
gratitude for my laboratory members; without them the research might not have been 










Hydroxyapatite, HA (Ca10(PO4)6(OH)2) is well known as a calcium phosphate mineral 
phase which is widely used as an implant material. HA derived from natural sources 
have received considerable interest from researchers due to the presence of trace 
elements (CO3
2-, Na+ and Mg2+) beneficial for bone metabolism. Thus, in the present 
work, HA from Tilapia (Oreochromis niloticus) bones and scales were successfully 
extracted by calcination technique in neutral atmosphere. In order to produce HA with 
close composition to human bone, the calcination parameters such as temperatures, 
holding time and heating rate were manipulated. Results obtained indicated that treatment 
at 600 °C for 1 hour with 10 °C/min increments showed better characteristics for the 
desired HA as determined by Field Emission Scanning Electron Microscopy (FE-SEM), 
X-ray Diffraction (XRD) and Fourier Transform Infra-Red (FTIR) analyses. The 
extracted HA contained nano-sized grains (72 nm and 65 nm) with high specific 
surface areas of 88 m2/g and 57 m2/g for the bones and scales, respectively. The study 
found that the broad and low crystallinity XRD peaks obtained corresponded to both 
HA samples and were related to the presence of nano-sized crystals and trace elements 
in a lattice structure. The substitution of carbonate ions in the phosphate and hydroxyl 
sites indicated the presence of AB-type carbonate in bones and scales. The calcination 
temperature was identified to have influenced the thermal stability of both extracted 
HA, where decomposition of HA to secondary phases such as β-TCP and CaO had 
occurred at 1200 °C. The presence of Mg2+ in the HA composition had accelerated its 
decomposition at the earlier temperature of 1000 °C. Meanwhile, varying the 
calcination holding time and heating rate had enabled control of the amount of CO3
2- 
occurrence in the HA composition in range between 1 and 9 wt%. The presence of this 
ion had increased the degradability of the HA. In addition, Na+ and Mg2+ also had 
significant impact on the bioactivity of the extracted HA. Thus, HA from fish bones 
was identified to be more bioactive than the HA from fish scales due to the presence 










Hidroksiapatit, HA (Ca10(PO4)6(OH)2) terkenal sebagai mineral kalsium fosforus 
dimana ia digunakan secara meluas sebagai bahan implan. HA yang diekstrak dari 
sumber asli telah menarik perhatian penyelidik disebabkan mengandungi unsur surih 
(CO3
2-, Na+ and Mg2+) yang bermanfaat untuk metabolisme tulang. Dalam kajian ini, 
HA dari tulang dan sisik ikan Talapia (Oreochromis niloticus) telah berjaya diekstrak 
dengan teknik pembakaran dalam keadaan atmosfera neutral. Untuk menghasilkan 
komposisi HA hampir dengan tulang manusia, parameter pembakaran seperti suhu, 
tempoh dan kadar pembakaran dimanipulasikan. Pembakaran pada suhu 600 °C 
selama 1 jam dengan kadar 10 °C/min mempunyai ciri-ciri yang terbaik, ini dapat 
ditentukan melalui Mikroskop Elektron Pengimbas Pancaran Medan (FE-SEM), 
Pembelauan Sinar-X (XRD) dan Spektrometer Infra-Merah (FTIR). HA yang 
diekstrak mengandungi bijian saiz nano (72 nm and 65 nm) bersama luas permukaan 
spesifik yang tinggi iaitu 88 m2/g and 57 m2/g bagi sampel tulang dan sisik ikan. 
Kedua-dua sampel HA memaparkan puncak yang lebar dan hablur rendah pada corak 
pembelauan XRD, ini disebabkan oleh kehadiran kristal bersaiz nano dan unsur surih 
di dalam struktur kekisi HA. Penggantian ion karbonat di tempat fosforus dan 
hydroksil menunjukan kehadiran jenis-AB karbonat di dalam tulang dan sisik. Suhu 
pembakaran didapati mempengaruhi ketidakstabilan fasa HA dari kedua-dua sumber, 
dimana penguraian HA kepada fasa kedua seperti Beta trikalsium fosfat (β-TCP) dan 
kalsium oksida (CaO) berlaku pada suhu 1200 °C. Kehadiran ion magnesium di dalam 
komposisi HA telah mempercepatkan proses penguraiannya pada suhu 1000 °C. 
Pengawalan tempoh dan kadar pembakaran dapat mengawal kandungan ion karbonat 
(CO3
2-) di dalam komposisi HA. Kehadiran ion ini telah meningkatkan 
kebolehupayaan degradasi HA. Natrium (Na+) dan Magnesium (Mg2+) juga 
mempunyai impak yang signifikan terhadap kebolehupayaan bioaktif HA yang 
diektrak. Dimana, HA dari tulang ikan dikenal pasti lebih bioaktif berbanding sisik 
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 Background of study 
Osteoporosis is a common occurrence in adults and is characterized by a decline of 
bone mass and a microarchitectural deterioration of bone tissue (Woolf & Pfleger, 
2003). It is estimated that more than one third of adult women will sustain one or more 
osteoporotic fractures in their lifetime as they pass through menopause (Cummings & 
Melton, 2002). The incidence of bone fractures worldwide is constantly increasing and 
approximately 200 million people in the world are already affected by osteoporosis 
(Pisani et al., 2016).  
Bone grafts have been promoted as surgical intervention for bone fractures as 
a healing solution. There are three main types of bone grafts available: autografts, 
allografts and xenografts (Habraken et al., 2016). The most common of these bone 
grafts is the autograft, which is the transplanting of bone tissue from one site to another 
in the same patient. However, due to the necessity of additional surgery and restricted 
supply of autologous bone and risk of possible infection of the autograft, (Akram et 
al., 2014; Rodrigues et al., 2003) xenografts or synthetic substitutes were introduced 
as alternatives.  
A xenograft is a graft of tissue transplanted from animal bone to human bone. 
The advantages of this material (xenogenous bone) are that it is easy to obtain, 
available at lower cost and almost in unlimited supply (Kusrini & Sontang, 2012). 
Xenogenous bones can be obtained from various animal sources such as bovine, 
porcine, fish bones and fish scales (Boutinguiza et al., 2012; Haberko et al., 2006; 
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